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TITLE OF THE INVENTION 

Method for measuring concentration of solution and 
apparatus for measuring concentration of solution 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and an 
apparatus for measuring the concentration of a solute, for 
example, a concentration of protein and a concentration of 
an optical active substance dissolved in a solution to be 
detected. 

Examples of a conventional solution concentration 
measuring apparatus include a spectroscope and a liquid 
chromatography- Whereas , as a urinalysis apparatus, there 
has been an apparatus whereby a- test paper impregnated with 
a reagent or the like is dipped in a urine, and a color 
reaction thereof is observed by means of a spectroscope or 
the like to detect the components of the urine . 

The test papers herein used are prepared according to 
the kind of respective inspection items such as glucose and 
protein . 

However, with the forgoing method, there has 
presented a problem of an enlargement in size of the 
apparatus. Further, there has also presented another 
problem as follows . The concentration range measurable is 
restricted, so that a solution to be detected having a 



concentration beyond the restricted range is required to be 

r 

diluted for a test, resulting in a complicated process. 
Still further, there have been some cases where accurate 
measurement results cannot be obtained under the influence 
of the turbidity of the solution to be detected itself, and 
the contamination of an optical window. Moreover, there has 
been a still further problem that the presence of various 
particles, bubbles and the like suspending in the solution 
to be detected within an optical path for a light, which is 
used for the measurement, causes a malfunction. 

It is therefore an object of the present invention to 
provide an apparatus for measuring concentration of solution 
with high reliability, compactness in size, and easy 
maintenance and control thereof -, and a measuring method 
enabling the apparatus design thereof, thereby solving the 
foregoing problems. Further, it is another object of the 
present invention to provide a means enabling easy and high 
precision urinalysis. 

BRIEF SUMMARY OF THE INVENTION 

For solving the foregoing problems, the present 
invention provides a method for measuring a concentration of 
specific component in a solution to be detected, the method 
comprising the steps of : measuring a transmitted light 
intensities and/or a scattered light intensities of the 



solution to be detected before and after being mixed with a 
reagent for changing the optical characteristics of the 
solution to be detected, attributed to the specific 
component; and determining the concentration of the specific 
component in the solution to be detected based on these 
measured values . 

In this case, it is effective that the transmitted 
light intensities and the scattered light intensities are 
measured, and the concentration of the specific component in 
the solution to be detected in a low concentration region is 
determined from the measured values of the scattered light 
intensities before and after the mixing of the reagent, and 
the concentration of the specific component in the solution 
to be detected in a high concentration region is determined 
from the measured values of the transmitted light 
intensities before and after the mixing of the reagent. 

Further , in this case , it is effective that the 
measured values of the transmitted light intensities before 
and after the mixing of the reagent are compared with the 
measured values of the scattered light intensities before 
and after the mixing of the reagent, thereby to detect the 
occurrence or non- occurrence of a false measurement due to 
particles suspending in the solution to be detected. 

Further, it is effective that at least one of the 
transmitted light intensities and the scattered light 



intensities before and after the mixing of the reagent is 
* 

measured under the same condition for a standard solution 
with a known concentration and the solution to be detected, 
and the measured values of the solution to be detected are 
corrected by the measured values of the standard solution to 
determine the concentration of the specific component in the 
solution to be detected. 

It is effective that the standard solution is water 
not containing the specific component. 

Further, the present invention also provides a method 
for measuring a concentration of solution, comprising the 
steps of : determining a protein concentration of the 
solution to be detected with the above -described method for 
measuring a concentration of solution; determining a total 
optical active substance concentration in the solution to be 
detected by measuring an optical rotation of the solution to 
be detected before the mixing of the reagent; and then 
determining a concentration of an optical active substance 
other than the protein from the protein concentration and 
the optical active substance concentration. 

Further, the present invention also provides an 
apparatus for measuring a concentration of solution, 
comprising a light source for irradiating a solution to be 
detected with light; a sample cell for holding the solution 
to be detected such that the light transmits through the 



solution to be detected; a photosensor 1 for detecting the 
light transmitted through the solution to be detected and/or 
a photosensor 2 for detecting the scattered light generated 
when the light has propagated through the inside of the 
solution to be detected; a mixer for mixing a reagent, which 
changes the optical characteristics of only a specific 
component in the solution to be detected, into the solution 
to be detected; and a computer for controlling the mixer to 
analyze an output signal from the photosensor, wherein a 
concentration of a specific component in the solution to be 
detected is determined from the measured values of output 
signals from the photosensor 1 and/or 2 before and after the 
mixing of the reagent . 

Still further, the present invention also provides an 
apparatus for measuring a concentration of solution, 
comprising: a monochromatic light source for projecting a 
substantially parallel light; a polarizer for transmitting 
only a polarization component in a specific direction out of 
the substantially parallel light; a sample cell for holding 
a solution to be detected such that the light transmitted 
through the polarizer transmits therethrough; a means for 
applying a magnetic field on the solution to be detected; a 
magnetic field control means for controlling the magnetic 
field; a magnetic field modulation means for vibration- 
modulating the magnetic field in controlling the magnetic 



field; an analyzer for transmitting only a polarization 
component in a specific direction out of the light 
transmitted through the solution to be detected; a 
photosensor for detecting the light transmitted through the 
analyzer; a lock- in amplifier for performing a phase 
sensitive detection on an output signal from the photosensor 
by using a vibration modulation signal from the magnetic 
field modulation means as a reference signal; a means for 
calculating the optical rotation of the solution to be 
detected based on the vibration control signal from the 
magnetic field control means and the output signal from the 
lock- in amplifier, and converting it into the concentration 
of an optical active substance; a mixing instrument for 
mixing into the solution to be detected, a reagent for 
changing the optical characteristics of only a specific 
component in the solution to be detected; and a computer for 
controlling the mixing instrument to analyze the output 
signal from the photosensor, 

wherein a protein concentration of the solution to be 
detected is obtained from a measured values of the 
transmitted light intensities of the solution to be detected 
measured before and after the mixing of the reagent, or from 
a measured value of the output signal from the photosensor 
by considering the output signal from the photosensor as a 
signal of the transmitted light, and 



the protein concentration of the solution to be 
detected and a concentration of the optical active substance 
other than the protein are determined from the calculated 
optical rotation and the protein concentration. 

While the novel features of the invention are set 
forth particularly in the appended claims, the invention, 
both as to organization and content, will be better 
understood and appreciated, along with other objects and 
features thereof, from the following detailed description 
taken in conjunction with the drawings . 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a schematic front view of a first example 

of an apparatus for measuring a concentration of solution in 

accordance with the present invention; 

FIG. 2 is a schematic plan view of an optical system 

of the apparatus for measuring a concentration of solution; 
FIG. 3 is a graph showing the transmitted light 

intensity of a solution to be detected of the first example, 

determined by the apparatus for measuring a concentration of 

solution; 

FIG. 4 is a graph showing the scattered light 
intensity of the solution to be detected, determined by the 
apparatus for measuring a concentration of solution; 

FIG. 5 is a graph showing the transmitted light 



■ intensity of a solution to be detected of a second example, 
' determined by the apparatus for measuring a concentration of 
solution; 

FIG. 6 is a graph showing the scattered light 
intensity of the solution to be detected, determined by the 
apparatus for measuring a concentration of solution; 

FIG. 7 is a graph showing the transmitted light 
intensity of a solution to be detected of a third example, 
determined by the apparatus for measuring a concentration of 
solution; 

FIG. 8 is a graph showing the scattered light 
intensity of the solution to be detected, determined by the 
apparatus for measuring a concentration of solution; 

FIG. 9 is a graph showing an example of a calibration 
curve for determining a urine protein concentration from the 
scattered light intensity in accordance with the present 
invention; 

FIG. 10 is a graph showing an example of a 
calibration curve for determining a urine protein 
concentration from the transmitted light intensity in 
accordance with the present invention; 

FIG. 11 is a graph showing the scattered light 
intensity of a suspension to be detected, determined by the 
apparatus for measuring a concentration of solution; 

FIG. 12 is a graph showing the transmitted light 
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• intensity of a suspension to be detected, determined by the 
" apparatus for measuring a concentration of solution; 

FIG. 13 is a schematic front view of a second example 
of an apparatus for measuring a concentration of solution in 
accordance with the present invention; and 

FIG. 14 is a schematic front view of a third example 
of an apparatus for measuring a concentration of solution in 
accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

As described above, a method for measuring a 
concentration of solution of the present invention is a 
method for measuring a concentration of a specific component 
in a solution to be detected, the method comprising the 
steps of : measuring a transmitted light intensities and/or a 
scattered light intensities of the solution to be detected 
before and after being mixed with a reagent, which changes 
the optical characteristics of the solution to be detected 
attributed to the specific component; and determining a 
concentration of the specific component in the solution to 
be detected on these measured values. 

The solution to be detected in the present invention 
includes a solution, which contains some suspended particles 
. such as non-dissolved salts, dusts and bubbles. 

The reagent reacts with only a specific component. 



which is targeted for the concentration measurement in a 
soliition to be detected to produce discoloration and 
turbidity, causing the solution to be detected to undergo 
optical changes of such a degree as to correspond to the 
concentration of the specific component therein. By 
admixing such a reagent into the solution to be detected, it 
is possible to change the optical characteristics of the 
solution to be detected, thereby determining the 
concentration of the specific component. For example, when 
a urine is used as the solution to be detected, the reagent 
is mixed therewith to coagulate the protein component, 
thereby changing the optical characteristics of the urine. 
Then, from a difference in scattered light intensity between 
before and after the mixing of the reagent ((scattered light 
intensity after the mixing of the reagent) - (scattered 
light intensity before the mixing of the reagent)) and/or 
the ratio of the transmitted light intensities before and 
after the mixing of the reagent ((transmitted light 
intensity after the mixing of the reagent) / (transmitted 
light intensity before the mixing of the reagent)), the 
protein concentration in the urine can be determined. 

Further, the apparatus for measuring a concentration 
of solution of the present invention comprises a light 
source for irradiating the solution to be detected with 
light; a sample cell for holding the solution to be detected 
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such that the light transmits through the solution to be 

i t 

' detected; a photosensor 1 for detecting the light 
transmitted through the solution to be detected and/or a 
photosensor 2 disposed so as to detect the scattered light 
generated when the light has propagated through the inside 
of the solution to be detected; a mixer for mixing into the 
solution to be detected, a reagent to change the optical 
characteristics of the solution to be detected, attributed 
to a specific component in the solution to be detected; and 
a computer for controlling the mixer to analyze output 
signals from the photosensor 1 and/or the photosensor 2, 
wherein the concentration of the specific component in the 
solution to be detected is determined from the measured 
values of output signals from the photosensor 1 and/or the 
photosensor 2 before and after the mixing of the reagent. 

By measuring at least one of the transmitted light 
intensities and the scattered light intensities before and 
after the mixing of the reagent by the aforesaid method for 
measuring a concentration of solution or apparatus in 
accordance with the present- invention, it is possible to 
determine the concentration of the specific component in the 
solution to be detected. Further, the following advantages 
are added by measuring both of the transmitted light 
intensities and the scattered light intensities. 

First, by determining the concentration of the 



spjecific component in the solution to be detected in a low 
concentration region from the measured values of the 
scattered light intensities before and after the mixing of 
the reagent, while determining the concentration of the 
specific component in the solution to be detected in a high 
concentration region from the measured values of the 
transmitted light intensities before and after the mixing of 
the reagent , the concentration of the specific component can 
be determined with high precision for a solution to be 
detected in a wider concentration region. Incidentally, the 
wording "high concentration" and "low concentration" 
referred to in this invention will be described below. 

Further, by checking the measured values of the 
transmitted light intensities before and after the mixing of 
the reagent with the measured values of the scattered light 
intensities before and after the mixing of the reagent, it 
is possible to detect the occurrence or non-occurrence of a 
false measurement due to suspending particles such as 
bubbles , various undissolved salts , dusts and dirt in the 
solution to be detected, thereby preventing a false 
measurement and a false operation of the apparatus. 

Further, the transmitted light intensities before and 
after the mixing of the reagent and/or the scattered light 
intensities before and after the mixing of the reagent are 
measured under the same condition for a standard solution 



with a known concentration and the solution to be detected, 
and ' the measured values of the solution to be detected are 
corrected by the measured values of the standard solution to 
determine the concentration of the specific component in the 
solution to be detected. Consequently, the influences of a 
reduced transmittance of the optical window and the like are 
eliminated, and a higher precision measurement becomes 
possible. In this case, water not containing the specific 
component can be used as the standard solution. 

Further, in the present invention, the optical 
rotation of the solution to be detected is measured before 
the mixing of the reagent , as well as the protein 
concentration of the solution to be detected is determined 
by any method for measuring a concentration of solution in 
accordance with the present invention. Thus, it is possible 
to determine the protein concentration and the concentration 
of the optical active substance other than the protein from 
the protein concentration and the optical rotation. For 
measuring the concentrations of the protein, and the optical 
active substance other than the protein in the solution to 
be detected with this method, the following apparatus can be 
used. 

Namely, there can be used an apparatus which 
comprises: a monochromatic light source for projecting a 
substantially parallel light; a polarizer for transmitting 



only a polarization component in a specific direction out of 
the 1 substantially parallel light; a sample cell for holding 
a solution to be detected such that the light transmitted 
through the polarizer transmits therethrough; a means for 
applying a magnetic field on the solution to be detected; a 
magnetic field control means for controlling the magnetic 
field; a magnetic field modulation means for vibration- 
modulating the magnetic field in controlling the magnetic 
field; an analyzer for transmitting only a polarization 
component in a specific direction out of the light 
transmitted through the solution to be detected; a 
photosensor for detecting the light transmitted through the 
analyzer; a lock-in amplifier for performing a phase 
sensitive detection on an output signal from the photosensor 
by using a vibration modulation signal from the magnetic 
field modulation means as a reference signal; a means for 
calculating the optical rotation of the solution to be 
detected based on the vibration control signal from the 
magnetic field control means and the output signal from the 
lock- in amplifier, and converting it into the concentration 
of an optical active substance; a mixer for mixing into the 
solution to be detected, a reagent for changing the optical 
characteristics of only a specific component in the solution 
to be detected; and a computer for controlling the mixer to 
analyze the output signal from the photosensor. 



From the measured values of the transmitted light 
intensities before and after the mixing of the reagent, the 
protein concentration of the solution to be detected is 
determined. Whereas, from the calculated optical rotation 
and the protein concentration, the protein concentration and 
the concentration of an optical active substance other than 
the protein in the solution to be detected are determined. 
In this case, it is possible to measure the protein 
concentration of the solution to be detected from the 
measured value of the output signal from the photosensor by 
employing the output signal from the photosensor as the 
signal of the transmitted light. 

Moreover, by further imparting a means for modulating 
the substantially parallel light to the aforesaid apparatus, 
upon mixing the reagent into the solution to be detected, 
and measuring the output signal from the photosensor, the 
output signal from the photosensor is subjected to a phase 
sensitive detection by taking the reference signal of the 
lock-in amplifier as the modulation signal of the 
substantially parallel light. Then, the output signal from 
the lock-in amplifier is considered as the signal of the 
transmitted light. Thus, it is also possible to measure the 
protein concentration of the solution to be detected from 
the measured values of the output signals from the lock- in 
amplifier before and after the mixing of the reagent, and 



determine the protein concentration and the concentration of 
an Optical active substance other than the protein in the 
solution to be detected from the optical rotation and the 
protein concentration. 

With the method for measuring a concentration of 
solution or the apparatus for measuring a concentration of 
solution in accordance with the present invention, it is 
possible to determine the concentration of a specific 
component contained in a solution to be detected, including 
a body fluid such as notably a urine, cerebrospinal fluid, 
blood serum, blood plasma or saliva, a food product such as 
a dairy product, alcohol or vinegar, an industrial liquid 
such as a culture solution, or an artificial dialysis 
solution or a liquid waste thereof. As the specific 
component (substance) targeted for the concentration 
measurement in the solution to be detected, mention may be 
made of various proteins such as a hormone and an enzyme, a 
lipid such as cholesterol, a virus, a bacteria, and the like. 
Further, as the reagent used for determining the 
concentrations of these specific components, there can be 
used an acid solution of trichloroacetic acid, 
sulf osalicylic acid or the like, an antibody solution, or 
the like. 

Further, with the method for measuring a 
concentration of solution or the apparatus for measuring a 



concentration of solution in accordance with the present 
invention, the measurable concentration range of the 
solution to be detected can be enlarged to measure the 
precise concentration of the specific component such as the 
protein in the solution to be detected. Still further, by 
admixing the reagent to measure the protein concentration 
after measuring the optical rotation of the solution to be 
detected, it is possible to determine the concentration of 
the protein and the concentration of the optical active 
substance other than the protein, such as glucose at the 
same time. These indicate that the method for measuring a 
concentration of solution or the apparatus for measuring a 
concentration of solution in accordance with the present 
invention is particularly useful when the urine protein 
concentration and the urine sugar value are detected by 
using a urine as the solution to be detected, and it can 
enhance the reliability and the precision of the test , and 
largely simplify the test process. 

Below, embodiments of the present invention will be 
described in details by way of concrete examples . 

Embodiment 1 

Below, a detailed description will be given to an 
example in which the transmitted light intensities and/or 
the scattered light intensities before and after mixing a 
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reagent > which changes the optical characteristics of the 
solution to be detected attributed to a specific component 
contained in the solution to be detected, into a solution to 
be detected are measured to obtain the concentration of the 
specific component in the solution to be detected from the 
measured values. 

FIG. 1 is a front view schematically showing a 
configuration of an apparatus for measuring a concentration 
of solution. FIG. 2 is a plan view schematically showing 
only the optical system of FIG. 1. In FIGS. 1 and 2, a 
reference numeral 1 denotes a light source composed of a 
semiconductor laser module, and it projects a substantially 
parallel light 2 with a wavelength of 780 nm # an intensity 
of 3.0 mW, and a beam diameter of 2.0 mm. A sample cell 3 
is a rectangular parallelepiped- like container made of glass 
having an opening open upwards, a base of 10 "X 10 mm, and a 
height of 50 mm, wherein the sides are transparent optical 
windows. The sample cell 3 can irradiate a solution to be 
detected 10 accommodated in the inside thereof with the 
substantially parallel light 2. Further, a transmitted 
light and a scattered light 9 can be taken out therefrom to 
the outside. By means of a photosensor 4 for detecting the 
light transmitted through the solution to be detected 10, 
and a photosensor 5 for detecting the scattered light 9 
generated when the light has propagated through the inside 



of. the solution to be detected 10, the transmitted light and 
the ' scattered light are respectively detected. An inlet 
port 6 for injecting a reagent is located at the bottom of 
the sample cell 3. The reagent is injected in a prescribed 
amount into the solution to be detected in the sample cell 3 
by a pipette 7 through the inlet port 6 . A computer 8 
controls the light source 1 and the pipette 7 to analyze 
output signals from the photosensors 4 and 5 . 

When a urine protein concentration is detected using 
a urine as a solution to be detected by means of the 
apparatus for measuring a concentration of solution, the 
operation thereof is as follows. 

First, the solution to be detected 10 is introduced 
into the sample cell 3 . The computer 8 operates the light 
source 1 , while starting monitoring of the respective output 
signals from the photosensors 4 and 5 simultaneously 
therewith. Then, the computer 8 controls the pipette 7 to 
introduce a sulf osalicylic acid reagent (a reagent obtained 
by dissolving sodium sulfate in an aqueous solution of 2- 
hydroxy-5-sulf obenzoic acid) into the sample cell 3 through 
the inlet port 6 . When the sulf osalicylic acid reagent is 
mixed into the solution to be detected, the protein 
component is coagulated, so that the solution to be detected 
10 becomes turbid, resulting in a reduction in transmitted 
light intensity and an increase in scattered light intensity. 



The measured values of the respective output signals from 
the photosensors 4 and 5 before and after the mixing of the 
reagent are analyzed to obtain the protein concentration. 

The transmitted light intensity and the scattered 
light intensity, i.e., the respective output signals from 
the photosensors 4 and 5 measured by the foregoing method 
using the solution to be detected 10 with a protein 
concentration of 2 mg/dl, are shown in FIGS. 3 and 4, 
respectively. Similarly, respective output signals when a 
solution to be detected with a protein concentration of 15 
mg/dl is used are shown in FIGS. 5 and 6, respectively. 
Meanwhile, respective output signals when a solution to be 
detected with a protein concentration of 100 mg/dl is used 
are shown in FIGS. 7 and 8, respectively. In FIGS. 3 to 8, 
the abscissa indicates the elapsed time (second) after the 
mixing of the reagent, while the ordinate indicates the 
changes in the transmitted light intensity or scattered 
light intensity from 60 seconds before the mixing to 300 
seconds after the mixing. FIGS 3, 5, and 7 indicate that 
the intensity of the transmitted light (the output signal 
from the photosensor 4) decreases with an increase in 
concentration of the protein. Whereas, FIGS. 4, 6, and 8 
indicate that the intensity of the scattered light (the 
output signal from the photosensor 5) increases with an 
increase in concentration of the protein. 
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' Such correlations between changes in scattered light 
intensity and changes in transmitted light intensity, and 
the protein concentrations are shown in FIGS. 9 and 10. In 
FIG. 9, a difference between the scattered light intensity 
after an elapse of 300 seconds from the mixing of the 
reagent and the scattered light intensity before the mixing 
((the scattered light intensity after the mixing of the 
reagent )-( the scattered light intensity before the mixing of 
the reagent)) is plotted as ordinate. In FIG. 10, the ratio 
of the transmitted light intensity after an elapse of 300 
seconds from the mixing to the transmitted light intensity 
before the mixing of the reagent ((the transmitted light 
intensity after the mixing of the reagent )/( the transmitted 
light intensity before the mixing of the reagent)) is 
plotted as ordinate. It is notes that the results obtained 
by carrying out additional measurements using urines with 
respective protein concentrations of 0.5, 30, and 60 mg/dl 
as the solutions to be detected in addition to the aforesaid 
solution to be detected are shown in FIGS. 9 and 10. In 
these cases, all the solutions subjected to the measurements 
have been optically as transparent as water before the 
mixing of the reagent, and the transmitted light intensities 
and the scattered light intensities thereof have been 
identical to those for water. Therefore, each correlation 
obtained therefrom of FIGS. 9 and 10 can be used as a 



standard calibration curve when the protein concentration in 
each urine is measured. 

In FIG. 9, respective measured values are smoothly- 
connected to be represented by a solid line, and the 
straight line connecting the measureid values within the 
region of a protein concentration of from 0 to 15 mg/dl 
which shows a linear change with respect to the amount of 
changes in scattered light intensity (a difference in 
scattered light intensity between before and after the 
mixing of the reagent) is extended to be represented by a 
dotted line. Apparent from the solid line and the dotted 
line, the solid line and the dotted line overlap one another, 
and the amount of changes in scattered light intensity is 
proportional to the protein concentration in the region 
where the protein concentration is up to about 15 mg/dl. 

However, as the concentration increases more than 
this value, measured values gradually decrease lower than 
the values satisfying the proportional relationship. The 
reason for this is as follows . When the protein 
concentration is increased, so that the probability that 
light is scattered is increased, there is also the increased 
probability that light is scattered again during propagation 
of light from the point where the scattered light has 
generated to the outside of the sample cell, resulting in a 
reduction in probability that the scattered light reaches 



the photosensor 5. Therefore, when the concentration is 
calculated from the changes in scattered light intensity, it 
is possible to determine a more precise concentration in the 
low concentration region (about 15 mg/dl or less) where the 
linearity can be ensured. 

In FIG. 10, the abscissa denotes the protein 
concentration, while the ordinate (logarithmic scale) 
denotes the ratio of the transmitted light intensities 
before and after the mixing of the reagent. Respective 
measured values are smoothly connected to be represented by 
a solid line, and the straight line connecting the measured 
values linearly changing within a protein concentration of 
15 to 100 mg/dl is extended to be represented by a dotted 
line. As shown in FIG. 10, when the protein concentration 
is as low as 2 mg/dl or 5 mg/dl, the measured value may 
deviate from the dotted line. The reason for this is that, 
apparent from the comparison between FIGS. 3, 5, and 7, 
since the ratio of change is too small as compared with all 
the output signals, the measured value is susceptible to 
various noises. This indicates that , when the protein 
concentration is calculated from the measured values of the 
transmitted light intensities, the solution to be detected 
is more desirably falls within the high concentration region 
(about 15 mg/d or more) for avoiding the influences of 
various noises. 



• In the foregoing manner, by measuring the transmitted 
light intensities before and after the mixing of the reagent, 
or the scattered light intensities before and after the 
mixing of the reagent, it is possible to obtain the 
concentration of a specific component in a solution to be 
detected. 

Further, by measuring both the intensities, the 
solution concentration is calculated form the measured 
values of the scattered light intensities for the solution 
to be detected within the low concentration region, while 
the solution concentration is calculated form the measured 
values of the transmitted light intensities for the solution 
to be detected within the high concentration region. 
Accordingly, the concentration range of the solution to be 
detected measurable with substantially high precision, i.e., 
dynamic range can be enlarged. 

Consequently, by the present invention, the 
conventionally required processes such as dilution of a high 
concentration solution to be detected becomes unnecessary, 
and hence it is possible to enhance the practical effects 
effective for achieving the higher precision, higher 
efficiency, and laborsaving of the measurement and test. 

Further, although the solution concentration has been 
obtained from the measured values of the transmitted light 
intensities and the scattered light intensities immediately 



before the mixing of the reagent and after an elapse of 300 
seconds from the mixing of the reagent in this embodiment, 
the time difference may be appropriately set according to 
the characteristics of the measuring apparatus, the solution 
to be detected, and the reagent. 

In this embodiment, assuming that the concentration 
in the low concentration region is about 15 mg/dl or less, 
and the concentration in the high concentration region is 
about 15 mg/dl or more, the scattered light intensities are 
measured in the low concentration region, the transmitted 
light intensities are measured in the high concentration 
region. Consequently, high-precision results can be 
obtained. 

However, since the low concentration and high 
concentration regions in this embodiment vary depending upon 
various factors such as the optical path length of the 
sample cell 3, the propagation distance in the solution to 
be detected of the scattered light 9 , the arrangement of the 
optical system and the like, they are not limited to the 
foregoing numerical range. 

Therefore, the wording "low concentration" herein 
referred to in the present invention denotes the 
concentration range corresponding to the portion having a 
linearity in the graph (FIG. 9) showing the relation between 
the specific component concentration of the solution to be 



detected and the scattered light intensity changes. Whereas, 
the wording "high concentration" herein used denotes the 
concentration range corresponding to the portion having a 
linearity in the graph (FIG. 10) showing the relation 
between the specific component concentration of the solution 
to be detected and the transmitted light intensity ratio. 
These can be previously determined prior to carrying out the 
method in accordance with the present invention by any those 
skilled in the art. 

If the optical path length of the transmitted light 
is actually elongated longer than 10 mm described above , the 
transmitted light intensity can be measured with high 
precision even in the case of a concentration of 15 mg/dl or 
less. 

However, when the optical path length is elongated to 
such a length, the optical signal from the photosensor 4 
becomes too small (about 10" 4 V) in the high concentration 
region, and hence it becomes difficult to obtain the 
concentration. Further, an elongation in optical path 
length inevitably enlarges the entire scale of the apparatus, 
and such a large scale apparatus is not very preferable from 
the practical viewpoint. 

As described above, according to the present 
invention, when the structure and the scale of the apparatus 
have a certain restriction, by utilizing both the scattered 



light and the transmitted light, it is possible to measure 
the concentration with high precision in all of the high 
concentration region and the low concentration region, and 
enlarge the dynamic range. 

Embodiment 2 

A detailed description will be given to an example in 
which the concentration of a specific component is 
determined by using a urine as a solution to be detected, 
which is made turbid by precipitation of various salts and 
the like, by means of the measuring apparatus in FIGS- 1 and 
2. 

First, a turbid urine with a protein concentration of 
15 mg/dl is introduced as the solution to be detected 10 
into the sample cell 3 to observe the changes in output 
signals from the photosensor 4 and/or the photosensor 5 
before and after the mixing of the reagent in the same 
manner as in Embodiment 1. 

The changes with time in output signals from the 
photosensors 4 and 5 before and after the mixing of the 
reagent are shown in FIGS. 11 and 12, respectively. These 
graphs represent the changes in output signals during from 
60 seconds before the mixing of the reagent to 300 seconds 
after the mixing of the reagent as with FIGS. 3 to 8. 

Apparent from FIG. 11, the output signal from the 
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photosensor 5 (scattered light intensity) before the mixing 
of the reagent, i.e., during from -60 to 0 second is about 
0.05 V. In the case of the turbidity-free solution to be 
detected as used in Embodiment 1, the output signal from the 
photosensor 5 before the mixing is 0.0 V. Therefore, it can 
be said that the difference in output signal therebetween 
indicates the degree of turbidity inherent in the solution 
to be detected of this embodiment . When the value is 
converted into the protein concentration by referring to FIG. 
9 as a calibration curve, it corresponds to 4 to 5 mg/dl. 

On the other hand, the output signal from the 
photosensor 5 at the time after an elapse of 300 seconds 
from the mixing of the reagent is 0.22 V, so that the 
difference from the output signal at a time point of 0 
second is 0.17 V. The difference in output signals (0.17 
V) is converted into the protein concentration by referring 
to FIG. 9 as a calibration curve to be 15 mg/dl. This 
concentration is identical to the known concentration 
previously measured. This confirms that the protein 
concentration of the turbid solution to be detected can be 
determined precisely from the difference between output 
signals from the photosensor 5 before and after the mixing 
of the reagent by using the calibration curve of FIG. 9, 
which is determined from the turbidity- free solution to be 
detected. 



• As described above, by calculating the solution 
concentration from the difference in scattered light 
intensity between before and after the mixing of the reagent, 
it is possible to determine a precise solution concentration 
from which influences of turbidity and the like have been 
eliminated. 

Further, in FIG. 12, at the time point before the 
mixing of the reagent, i.e., from -60 to 0 second, the 
output signal from the photosensor 4 (transmitted light 
intensity) is 0.55 V. On the other hand, in the case of the 
turbidity- free solution to be detected as used in Embodiment 
1, the output signal from the photosensor 4 before the 
mixing is 0.6 V. Therefore, it can be said that the 
difference is due to the turbidity of the solution to be 
detected. FIG. 12 indicates that the output signal from the 
photosensor 4 before the mixing of the reagent is 0.55 V, 
while the output signal at a time point after an elapse of 
300 seconds from the mixing is 0.42 V, and the ratio thereof 
is 0.76. The ratio of the output signals (0.76) is 
converted into the protein concentration by referring to FIG. 
10 as a calibration curve to be 15 mg/dl. This 
concentration is identical to the known concentration 
previously measured. This confirms that the protein 
concentration of the turbid solution to be detected can be 
determined with precision by determining the ratio of output 



signals from the photosensor 4 before and after the mixing 
of the reagent referring to FIG. 10 as a calibration curve, 
and converting it into the protein concentration by 
reference to FIG. 10 determined based on the turbidity-free 
solution to be detected as a calibration curve. 

Further, when the protein concentration is determined 
from changes in transmitted light intensity, it is also 
possible to use a biuret reagent (a reagent obtained by 
dissolving potassium sodium tartrate and sodium sulfate in a 
sodium hydroxide solution) other than the aforesaid reagent. 
However, in this case, it is preferable to use a light 
source with a wavelength of about 540 nm. Even when a 
turbid solution to be detected is measured by using it, it 
becomes possible to determine the concentration with 
precision without being affected by turbidity and the like 
as in this embodiment . 

Embodiment 3 

Below, a description will be given to an example 
wherein both the output signals from the photosensors 4 and 
5 are measured by using the measuring apparatus shown in 
FIGS. 1 and 2 in the same manner as in Embodiment 1, and 
both the measured values are compared with each other, 
thereby to detect the occurrence or non-occurrence of 
measurement obstruction due to suspending particles, bubbles. 



or. the like . 

When suspending particles or bubbles are present in 
the solution to be detected, and they enter the optical path 
of the substantially parallel light 2 , the substantially 
parallel light 2 is highly scattered by them to obstruct the 
precise measurement of the transmitted light and/or 
scattered light intensity. In this case, the transmitted 
light intensity is remarkably decreased, while the scattered 
light intensity may remarkably decreased or increased 
according to the viewing angle of the photosensor 5 , the 
position at which suspending particles or bubbles are 
present in the optical path, and the like. 

When there is no obstruction due to the suspending 
particles or bubbles, as shown in FIGS. 9 and 10, there is a 
certain relation between the measured value of the scattered 
light intensity and the measured value of the transmitted 
light intensity. For example, when the protein 
concentration of the solution to be detected is 15 mg/dl, 
the difference in scattered light intensity between before 
and after the mixing of the reagent is 0.17 V, and the ratio 
of the transmitted light intensities before and after the 
mixing is 0.76. However, when the foregoing obstruction 
occurs, the values deviating from such a relationship are 
obtained as measured values . 

Therefore, the occurrence or non- occurrence of the 



obstruction can be detected by checking whether or not the 
protein concentration determined from the measured values of 
the output signals from the photosensor 4 before and after 
the mixing of the reagent based on the calibration curve of 
FIG. 9 and the protein concentration determined from the 
measured values of the output signals from the photosensor 5 
before and after the mixing of the reagent based on the 
calibration curve of FIG. 10 are identical to each other. 

As described above, according to this embodiment, by 
measuring both the transmitted light intensities before and 
after the mixing of the reagent and the scattered light 
intensities before and after the mixing of the reagent, and 
checking them with each other, it is possible to detect the 
obstruction due to bubbles, various non-dissolved salts, and 
suspending particles such as dusts and dirt, thereby 
preventing a false measurement. Consequently, the 
reliability of the measurement can be improved, and the 
practical effect thereof is very high, thereby making it 
possible to achieve the higher reliability and the 
laborsaving of the measurement and the test. 

Embodiment 4 

Below, a description will be given to an example 
wherein when there occurs a reduction in transmittance of 
the optical window due to a stain, contamination or the like 



of. the sample cell in the measuring apparatus shown in FIGS. 
1 arid 2, respective output signals from the photosensor 4 
and/or the photosensor 5 are measured under the same 
conditions for both the solution to be detected and the 
standard solution, and the measured value of the solution to 
be detected is corrected by the measured value of the 
standard solution to determine the concentration of a 
specific component in the solution to be detected. 

In such a case that the sample cell 3 has been used 
for a long time, various residual substances adhere thereto, 
resulting in a reduction in transmittance of each optical 
window. In this case, since the absolute value of the 
transmitted light intensity is decreased, the precision of 
the ratio of the transmitted light intensities between 
before and after the mixing of the reagent is reduced. 
Accordingly, the difference in scattered light intensity 
between before and after the mixing of the reagent is 
decreased. Therefore, in these cases, it is not possible to 
determine the solution concentration with high precision. 

The influence of a reduction in transmittance of the 
optical window due to such long-term use can be corrected by 
carrying out the measurement on the solution to be detected 
with a known protein concentration (standard solution). For 
example, a measurement is previously carried out for a 
standard solution with a protein concentration of 15 mg/dl. 



In, this step, when the difference in scattered light 
intensity between before the mixing of a sulf osalicylic acid 
reagent and after an elapse of 300 seconds from the mixing 
thereof is 0.15 V, the calibration curve of FIG. 9 obtained 
in Embodiment 1 is corrected in the following manner. 
Namely, since the aforesaid difference in scattered light 
intensity when the protein concentration is 15 mg/dl is 0.17 
V, the solution concentration is determined by using another 
calibration curve obtained by multiplying the concentration 
obtained from the calibration curve of FIG. 9 by 0.17/0.15 
for correction. 

As described above, by measuring the changes in 
scattered light intensity between before and after the 
mixing of the reagent of the standard solution, and checking 
the measured values against a known calibration curve, it is 
possible to obtain another calibration curve corrected for 
the influence of the reduction in transmittance of the 
optical window. By using this, even when the optical window 
has a reduced transmittance, a precise concentration 
measurement becomes possible. 

Embodiment 5 

A description will be given to an example in which 
water containing no specific component is used as the 
standard solution for correcting the influence of the 



reduction in transmittance of the optical window described 
in Embodiment 4 . 

When the solution to be detected is water containing 
no specific component, since the concentration of the 
specific component which is allowed to react due to the 
mixing of the reagent to change the optical characteristics 
of water is zero, there arises no difference in scattered 
light intensity as shown in Embodiment 4, Therefore, the 
numerical value required for the correction cannot be 
calculated. Then, the transmitted light intensity with 
water contained in the sample cell 3 is measured. For 
example, when the transmitted light intensity at this step 
is 0.5 V, correction is carried out in the following manner. 
FIGS. 3, 5, and 7 indicate that the transmitted light 
intensity in the state where the solution is transparent 
before the mixing of the reagent is 0.6 V. Accordingly, by 
conducting such a correction that the concentration obtained 
from the calibration curve of FIG. 9 is multiplied by 
0.6/0.5, it is possible to determine a precise concentration. 

As described above, by measuring the transmitted 
light intensity using water as a standard solution, it is 
possible to correct the influence of the reduction in 
transmittance of the optical window. Further, when the 
respective manners in which the residual substances adhere 
to the optical windows are equal, the optical window for 



emitting a transmitted light and the optical window for 
emitting a scattered light undergo the same reduction in 
transmittance. Therefore, the amount of changes in 
scattered light intensity can be corrected from the 
reduction of the transmitted light intensity with respect to 
water. 

As described above, according to this embodiment, 
water can be used as the standard solution, and hence the 
reduction in transmittance of each optical window can be 
corrected with ease. Especially, in a home where a protein 
aqueous solution is difficult to control and store, or the 
like, the control and storage thereof is easy, and hence the 
practical effect is very large. 

Embodiment 6 

Below, a detailed description will be given to an 
example in which the optical rotation of a solution to be 
detected is measured before the mixing of the reagent, while 
the transmitted light intensities of the solution to be 
detected are measured before and after the mixing of the 
reagent, thereby to determine the protein concentration and 
the concentration of an optical active substance other than 
the protein from these measured values . 

FIG. 13 is a schematic view of a measuring apparatus 
based on a measuring method of this embodiment . The 
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substantially parallel light 2 with a wavelength of 670 nm, 
an intensity of 3.0 mW, and a beam diameter of 2.0 mm is 
projected from the light source 1 of a semiconductor laser 
module. A polarizer 11 transmits only a light of the 
polarization component parallel to the plane of a sheet of 
paper. A sample cell 12 for accommodating a solution to be 
detected is so configured that a solenoid coil 13 is wound 
therein so as to apply a magnetic field on the solution to 
be detected along the direction of propagation of the 
substantially parallel light 2 , and it has a substantial 
optical path length of 10 mm. This configuration is for 
controlling the current to be passed through the solenoid 
coil 13 while modulating it by using the optical Faraday 
effect of the solution to be detected, thereby controlling 
the polarization direction of the substantially parallel 
light 2 while modulating it. Thus, the basic principle of 
the method for measuring the optical rotation by the optical 
Faraday effect of the solution to be detected itself is 
described in Japanese Laid-Open Patent Publication No. Hex 9- 
145605. 

A reagent is mixed through an inlet port 14 into the 
sample cell 12, and air goes in and out through a vent hole 
15. An analyzer 16 is disposed so as to transmit only a 
light of the polarization component perpendicular to the 
plane of a sheet of paper. The substantially parallel light 



2 -transmitted through the analyzer 16 is detected by a 
photosensor 17. 

The electric current to be passed through the 
solenoid coil 13 is controlled by a coil driver 18, and a 
modulation signal for modulating the current to be passed 
through the solenoid coil 13 is supplied to the coil driver 
18 by a signal generator 19. A lock-in amplifier 20 
performs a phase sensitive detection on an output signal 
from the photosensor 17 by using the modulation signal from 
the solenoid coil 13 as a reference signal. When the 
optical rotation of the solution to be detected is measured, 
a control current signal is supplied by a computer 21 to the 
coil driver 18 so that the output signal from the lock-in 
amplifier 20 becomes zero. 

In the case of this embodiment, a modulation current 
with an amplitude of 0.001 ampere and a frequency of 1.3 kHz 
is passed through the solenoid coil 13. Consequently, the 
control current signal when the output signal from the lock- 
in amplifier 20 becomes zero is found to calculate the 
optical rotation. Herein, there has been adopted the 
following method. Namely, the optical rotation is 
determined by the control current signal, which provides 
such a magnetic field that the optical rotation generated by 
an optical active substance such as a protein or a glucose 
in the solution to be detected is identical to the angle of 
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ratation of the polarization direction due to the Faraday 
r effect of a solvent solution for the solution to be detected 
by application of a magnetic field. 

Then, a pipette 22 injects a prescribed amount of a 
reagent from the inlet port 14 through a tube 23 into the 
solution to be detected in the sample cell 12. The computer 
21 controls the light source 1 and the pipette 22, and 
analyzes the output signal from the photosensor 17. 

When the glucose concentration (urine sugar value) 
and the urine protein concentration are detected using a 
urine as the solution to be detected, the operation thereof 
is as follows . 

First, the solution to be detected is introduced in 
the sample cell 12. The light source 1 and the coil driver 
18 are operated by the computer 21 to measure the optical 
rotation of the solution to be detected. 

Then, with the computer 21, the operation of the coil 
driver 18 is stopped, while the monitoring of the optical 
signal from the photosensor 17 is initiated simultaneously 
therewith. Then, the pipette 22 is controlled by the 
computer 21 to mix the sulf osalicylic acid reagent through 
the inlet port 14 into the solution to be detected in the 
sample cell 12. By assuming that the changes in output 
signal from the photosensor 17 before and after the mixing 
are the changes in transmitted light intensity, a 



calibration curve corresponding to that of FIG. 10 is formed 
front the ratio of the analyzed transmitted light intensities 
before and after the mixing of the reagent by the same 
method as in Embodiment 1 . 

As an example of the foregoing measurement , the 
measured value of the optical rotation when a urine with a 
urine sugar value of 100 mg/dl and a urine protein 
concentration of 15 g/dl was used as the solution to be 

detected was found to be 0.0034° . The specific rotatory- 
power of glucose at this wavelength (670 nm) is 

40° deg/cm-dl/kg. Accordingly, if it is assumed that the 
optical rotation measured totally occurs due to glucose, the 
glucose concentration, i.e., the urine sugar value is 
calculated to be 85 mg/dl. On the other hand, the protein 
concentration determined from the ratio of the transmitted 
light intensities was 15 mg/dl. Accordingly, since the 
specific rotatory power of the protein is -40° deg/cm"dl/kg, 
the optical rotation occurred due to the protein is 
calculated to be -0.0006° . Therefore, the true optical 
rotation occurred due to glucose is 0.0040° which is 
obtained by subtracting -0.0006° from 0.0034° described 
above, and the glucose concentration corresponding to this 
optical rotation is calculated to be 100 mg/dl. 

From the foregoing description, in accordance with 
this embodiment, it could be confirmed that the urine sugar 



value and the urine protein concentration can be determined 
with precision simultaneously by measuring the optical 
rotation of the solution to be detected before the mixing of 
the reagent and the ratio of the transmitted light 
intensities before and after the mixing of the reagent. 
Incidentally, the measurement of the protein concentration 
(15 mg/dl) was carried out by taking the output signal from 
the photosensor 17 as the signal indicative of the 
transmitted light intensity to measure the values before and 
after the mixing of the reagent, and checking them against 
the calibration curve previously formed. 

As described above, in accordance with this 
embodiment, since the protein concentration and the 
concentration of glucose as an optical active substance 
other than the protein can be measured at the same time, the 
practical utility thereof is particularly high when a urine 
is used as the solution to be detected. The reason for this 
will be described below. 

When the urine protein concentration is normal, since 
glucose is predominant as the optical active substance in a 
urine , the urine sugar value can be roughly detected by 
measuring the optical rotation of the urine. However, a 
more precise urinalysis can be carried out by determining 
the urine protein concentration with other measuring method 
than the measurement of the optical rotation. The reason 
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fqr this is as follows. Since the protein is also the 
optical active substance as glucose, the total optical 
rotation obtained by adding the optical rotation occurred 
due to glucose with the optical rotation occurred due to 
protein is measured as the optical rotation of the urine. 
Then, as in this embodiment, the protein concentration is 
obtained from the changes in optical properties before and 
after the mixing of the reagent as described above together 
with the measurement of the optical rotation. By correcting 
the measured results of the optical rotation based on this 
concentration, it is possible to determine the urine sugar 
value and the urine protein value with precision. 

Incidentally, if the reagent is mixed therein prior 
to the measurement of the optical rotation, the protein 
component undergoes coagulation or coloration. Accordingly, 
light may not transmit through the inside of the solution to 
be detected, or the protein may be modified to change the 
optical rotation. Thus, the urine sugar value and the urine 
protein concentration cannot be measured with precision. 

Embodiment 7 

A detailed description will be given to another 
example wherein the protein concentration and the 
concentration of an optical active substance other than the 
protein in the solution to be detected are measured at the 
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same time. 

FIG. 14 is a schematic view of a measuring apparatus 
in accordance with this embodiment, which is obtained by 
adding a light modulator 24 to the apparatus of FIG. 13, in 
which reference numerals other than the light modulator 24 
are identical with those of FIG. 13. The light modulator 24 
performs intensity modulation on the substantially parallel 
light 2 at a modulation frequency of the signal generator 19 
when supplied with directions from the computer 21. During 
the measurement of the optical rotation, modulation is not 
carried out based on the directions from the computer 21, so 
that the apparatus is fixed in a state in which the 
substantially parallel light 2 is completely transmitted 
therethrough. 

In this embodiment, the optical rotation is measured 
in the same manner as in Embodiment 6 . When the protein 
concentration is measured, a current is not passed through 
the solenoid coil 13, and the intensity modulation is 
carried out on the substantially parallel light 2 by the 
light modulator 24 under the directions from the computer 21. 
At this step, the lock-in-amplif ier 20 also performs a phase 
sensitive detection on the output signal from the 
photosensor 17 using the output signal from the signal 
generator 19 as a reference signal. Since the output signal 
from the lock-in amplifier 20 substantially reflects the 



transmittance of the solution to be detected, the output 
signal from the lock-in amplifier 20 can be considered as 
the transmitted light intensity. Therefore, the computer 21 
controls the pipette 22 to mix the sulf osalicylic acid 
reagent through the inlet port 14 into the sample cell 12, 
and analyzes the changes in output signal from the lock-in- 
amplifier 20 before and after the mixing, thereby making it 
possible to measure the protein concentration with precision - 
The concentration of the optical active substance other than 
the protein can be determined from the measured protein 
concentration and optical rotation in the same manner as in 
Embodiment 6 . 

Incidentally, either in this embodiment or Embodiment 
6, the polarizer 11 is arranged- with the analyzer 16 in a 
crossed nicols state, and hence the intensity of the light 
reaching the photosensor 17 is very low. Therefore, as in 
this embodiment, the substantially parallel light 2 is 
subjected to the intensity modulation, and the output signal 
from the photosensor 17 is subjected to the phase sensitive 
detection to restrict the band, thereby achieving the very 
high effect of improving the signal to noise ratio (S/N), 
and improved measurement precision of the protein 
concentration . 

As described above , in accordance with this 
embodiment, the protein concentration can be measured with 



high precision by modulating the substantially parallel 
light 2 . This embodiment exhibits a particularly high 
practical utility when the solution to be detected is a 
urine . 

Further, in each of the foregoing embodiments of the 
present invention, there has been shown the configuration in 
which, when a reagent is mixed, the reagent is directly 
injected by a pipette or the like into the solution to be 
detected. However, the same effect can be obtained even 
with the configuration in which the reagent is added 
dropwise to the solution to be detected. 

As described above, in accordance with the present 
invention, the influences of the turbidity and coloration 
inherent with the solution to be detected, the influence of 
the reduction in transmittance of the optical window, etc. , 
and the like can be corrected to determine a precise 
concentration of the specific component such as protein. 
Further, the measurable concentration range of the solution 
to be detected can be enlarged. 

As a result, the concentration of the specific 
component in the solution to be detected can be determined 
with a high precision. Moreover, it becomes possible to 
determine the solution concentration, especially the protein 
concentration in a urine with high reliability and high 
practical utility in a laborsaving manner. 
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• Further, it is also possible to determine both the 
* concentrations of the protein and the optical active 
substances other than the protein in the solution to be 
detected. Especially when the solution to be detected is a 
urine, since the urine protein concentration and the urine 
sugar value can be determined with precision at the same 
time, the urinalysis process can be largely simplified, and 
the practical effect thereof is very high. 

Although the present invention has been described in 
terms of the presently preferred embodiments , it is to be 
understood that such disclosure is not to be interpreted as 
limiting. Various alterations and modifications will no 
doubt become apparent to those skilled in the art to which 
the present invention pertains after having read the above 
disclosure. Accordingly, it is intended that the appended 
claims be interpreted as covering all alterations and 
modifications as fall within the true spirit and scope of 
the invention. 



